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The enzymes of the 176-hydroxysteroid dehydroge- 
nase (17/l-HSD) gene family are responsible for a key 
step in the formation and degradation of androgens 
and estrogens: catalyzing the interconversion of 17- 
ketosteroids and their active 176-hydroxysteroid 
counterparts. The structure of human type II 17/I-HSD 
cDNA was recently reported. This enzyme catalyzes 
the interconversion of A4-androstenedione and testos- 
terone, androstanedione and dihydrotestosterone, 
and estrone and 176-estradiol, whereas type I 
176-HSD catalyzes exclusively the interconversion 
of estrogens. To locate the HSD17B2 gene, the novel 
dinucleotide CA repeat sequence found 571 bp down- 
stream from the end of exon 1 was genotyped into eight 
CEPH reference families by PCR. Two-point linkage 
analysis was performed between the latter polymor- 
phism and the 2066 microsatellite markers of Gene- 
thon. The maximal pairwise lod score (Z,, = 33.3) with 
a maximal recombination fraction (&,,) of 0.008 was 
obtained with the marker D165422 located on 16q24.1- 
q24.2. To define further the localization of the 
HSD17B2 gene, we constructed a high-resolution ge- 
netic map of the region flanking the polymorphic 
HSD17B2 gene including eight Genethon markers. The 
order of the HSD17B2 gene and markers is qter- 
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In humans, sex steroids are synthesized in large 
amounts in peripheral tissues from circulating precur- 
sors. The enzymes of the 17@-hydroxysteroid dehydro- 
genase (17P-HSD) gene family are responsible for a key 
step in the biosynthesis and inactivation of androgens 
and estrogens: catalyzing the interconversion of 17-ke- 
tosteroids and their active 17P-hydroxysteroid counter- 
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parts. The human type I 17/?-HSD gene (HSD17B1, 
previously designated EDH17B2; its suspected pseu- 
dogene is designated HSD17BPl) encodes a cyto- 
plasmic protein of 327 amino acids expressed as a di- 
mer catalyzing the interconversion of estrone and es- 
tradiol(8-10). The gene for HSD17Bl is closely linked 
with the susceptibility gene for hereditary breast- 
ovarian cancer, BRCAl, on the 17q21 region (13). More 
recently, type II 17P-HSD was isolated from a human 
prostate cDNA library, and the corresponding mRNA 
species was detectable in the placenta (15). This cDNA 
encodes a predicted protein of 387 amino acids with 
a molecular weight of 42,782, which is most probably 
associated with the membranes of the endoplasmic re- 
ticulum. This enzyme catalyzes the interconversion of 
estrone and 17P-estradiol, A4-androstenedione and tes- 
tosterone, androstanedione and dihydrotestosterone, 
and 20a-dihydroprogesterone and progesterone (15). 
This enzyme, chronologically designated type II 17/3- 
HSD, is also a member of the short-chain alcohol dehy- 
drogenase superfamily and shares only about 20% se- 
quence identity with type I 17P-HSD. 

To locate the HSD17B2 gene by genetic linkage map- 
ping, we searched for DNA polymorphism within this 
gene. A dinucleotide CA repeat sequence was found 571 
bp downstream from the end of exon 1. The sizes of the 
PCR fragments amplified with primers 5’-CTTGGC- 
ATCGTGTCCAACATTCAG-3 ’ and 5’-CTTTCTGGG- 
TTAGGATAACGCTGG-3’ were 215, 213, 211, 209, 
207, and 205 for the alleles Al, A2, A3, A4, A5, and 
A6, respectively, which included 15 to 10 CA repeat 
sequences. Amplification was performed in a 20-/J vol- 
ume containing 8 ng of genomic DNA; 200 pM each 
dCTP, dGTP, and dTTP; 4 pM dATP; 100 r&f [35Sl- 
dATP; 10 mM Tris-HCl, pH 8.3; 50 mM KCl; 1.5 mit4 
MgC12; 5% DMSO; 100 niV each primer; and 1.5 U 
of AmpliTaq DNA polymerase (Perkin-Elmer Cetus). 
After an initial denaturation at 100°C for 10 min, the 
samples were cooled to 72°C and processed through 35 
cycles consisting of 1 min of denaturation at 95”C, 1 
min of annealing at 55”C, and 1 min of extension at 
72°C using a Perkin-Elmer Cetus thermal cycler 
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TABLE 1 

Two-Point Linkage Analysis between HSD17B2 and Selected Markers on Chromosome 16 

725 

Lod scores at recombination fraction (0) of: 

Locus 0.0 0.01 0.05 0.1 0.2 0.3 0.4 B max z max 

D16S516 
D16S504 
D16S507 
D16S505 
D16S511 
D16S422 
D16S520 
D16S413 

--oo 14.69 18.46 18.49 15.74 11.38 5.83 0.073 18.66 
--m 7.13 9.04 9.08 7.79 5.74 3.15 0.075 9.17 
--rr; 18.27 20.67 20.15 16.90 12.30 6.65 0.057 20.70 
--m 21.26 21.58 20.17 16.17 11.37 5.92 0.029 21.81 
-cx 26.99 25.90 23.86 19.04 13.42 6.86 0.010 26.99 
-cc 33.29 31.38 29.30 23.45 16.70 8.90 0.008 33.30 
--m 3.85 10.16 11.67 11.04 8.51 4.74 0.125 11.79 
-cc -0.79 8.74 11.40 11.54 9.06 5.01 0.149 11.95 

(Model 480). The PCR products were resolved on a 5% 
polyacrylamide gel. The frequency of the 6 alleles ob- 
served, estimated from 100 chromosomes from 50 unre- 
lated Caucasian individuals, were Al = 0.04, A2 = 
0.04, A3 = 0.26, A4 = 0.03, A5 = 0.10, and A6 = 0.53. 
The heterozygosity was 0.54. 

The novel microsatellite marker in HSD17B2 gene 
was genotyped in the 8 largest reference CEPH families 
102, 884, 1331, 1332, 1347, 1362, 1413, and 1416 (2), 
taking advantage of the existing framework maps of 
Genethon markers (3, 14). Two-point linkage analysis 
was performed between the polymorphism in 
HSD17B2 and the 2066 microsatellite markers of 
Genethon (3). Linkage analysis was performed using 
version 5.2 of the LINKAGE package of computer pro- 
grams (5). Pairwise lod scores between the HSD17B2 
6-allele polymorphism and the other markers were cal- 
culated using the MLINK program, whereas the emax 
and Z,, were calculated using the CLODSCORE pro- 
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FIG. 1. Multipoint lod scores (base 10) for linkag? of the locus 
HSD17B2 to the framework marker map calculated with CMAP. The 
curve indicates the likelihood that the HSD17B2 locus is at the map 
location with respect to adjacent markers, the positions of which 
are given by the vertical labels at the bottom of the x-axis. The 
recombination fractions between the framework markers were calcu- 
lated using the CILINK program and converted to genetic distances 
using the Kosambi mapping function. The relative genetic position 
of D16S516 has arbitrarily been placed at zero. 

gram. The maximal pairwise lod score (Z,,, = 33.3) 
with a maximal recombination fraction (&,,,> of 0.008 
was obtained with the marker D16S422 located on 
16q24.1-q24.2 (Table 1). 

To define further the localization of the HSD17B2 
gene, we constructed a high-resolution genetic map 
of the region flanking the polymorphic HSD17B2 
gene, including eight Genethon markers. The GMS 
program (generously provided by M. Lathrop) was used 
to calculate and validate the order of the framework 
markers (7). Multipoint linkage (CMAP program) was 
performed to determine the localization of HSD17B2 
gene on the framework map. Genotyping error detec- 
tion was performed by checking for double recombi- 
nants (6). The programs RTH and RECSTAT from M. 
Lathrop were used to haplotype the markers on CEPH 
families and count recombinants. The corrections elim- 
inated all double recombinants, and a final GMS pro- 
cessing recalculated and revalidated the marker dis- 
tances and orders. The HSD17B2 locus within the fixed 
map based on segregation analysis in the CEPH pedi- 
grees is in the interval flanked by D16S511 and 
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FIG. 2. Chromosome 16q24 area map. The map gives the best 
supported order of the markers and sex average recombination frac- 
tions (0) between adjacent markers. Only D16S422 and HSD17B2 
are ordered with odds <lOOO:l. The order of markers was determined 
as described (7). 
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D16S520 and could be located on either side of 
D16S422 (Fig. 1). The order of the HSD17B2 gene 
and selected markers is qter-D16S516-2.18 x 

103-D16S504-1.54 x 105-D16S507-1.18 x lOlo- 
D168505-8.78 x 104-D16S511-7.62 x 106-[HSD- 
17B2-1.50-D16S422]-5.1 x 102g-D16S520-1.97 x 
103-D16S413-tel. The most likely order is thus sup- 
ported by odds of 1000: 1 or greater against any permu- 
tation of two adjacent markers, except for HSD17B2 
and D168422, for which the odds are 1.5O:l (Fig. 2). 
The different localizations of the HSD17Bl and 
HSD17B2 genes are in agreement with their low se- 
quence homology and suggest that they diverged very 
early in the evolution of the short-chain alcohol dehy- 
drogenase superfamily. Moreover, mapping of the 
HSD17B2 gene to 16q24 will be useful for genetic anal- 
yses, especially knowing that a loss of heterozygosity 
has frequently been observed in this region in carcino- 
mas of sex steroid target tissues including the prostate, 
endometrium, breast, and ovary (1, 4, 11, 12). 
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